We report angular diameters of HIP 560 and 21547, two F spectral type premain sequence members of the β Pic Moving Group. We used the East-West 
Introduction
The age and mass of a pre-main sequence (PMS) star are usually estimated from its location in the Hertzsprung-Russell diagram (HRD) relative to theoretical calculations of stellar evolution. Unfortunately, differences among the theoretical calculations can produce mass and age estimates discrepant by factors of 2 to 3 (Hillenbrand and White, 2004; Simon, 2006) . The consequences are that the mass-spectrum of stars produced in a star-forming region, the region's star-forming history, and the chronology of planet formation are imprecisely known. The latter point has taken on a pressing importance as astronomers are poised to detect exoplanets associated with young stars.
Measurement of the diameters of young stars as they contract to the main sequence can provide their ages and a new independent test of the theoretical PMS evolutionary tracks (Simon, 2006) . Once a reliable set of evolutionary tracks is established, measurement of the diameters of PMS stars will yield measurements of their absolute ages. Remarkably, members of the β Pic Moving Group (BPMG) are young enough (10-20 MY) and near enough (< 50 pc; e.g. Torres et al., 2006) that some are resolvable with the optical/IR interferometric array of the Center for High Angular Resolution Astronomy (CHARA).
The brighter members of the BPMG have parallaxes measured by HIPPARCOS. The ages of individual stars in the BPMG are determined by HRD fitting and the strength of the Li-line. An age for the group as a whole may be estimated dynamically by tracing the group's motion back to a common origin. The age estimates range from 11.2 ± 0.3 to 22 ± 12 MY (see Table 2 in Fernadez et al. 2008; Yee and Jensen, 2010) . Whether the spread represents uncertainties of the dating methods or a range in individual formation times is unknown. Astronomers already have evidence of planet formation associated with the members of the BPMG. Lagrange et al (2010) imaged the exoplanet of β Pic, an A-star.
Debris disks are understood as indicators of planet formation (Quillen et al. 2007 ); β Pic and AU Mic, a BPMG member of M1 spectral type, are known to have debris disks (Smith and Terrile 1984; Lagrange et al 2010; Liu 2004 ).
We measured the angular diameters of two stars in the BPMG , HIP 560 and 21547, using the CHARA Array. §2 describes our observations and §3 presents our analysis and discussion of the diameter measurements. We summarize our results in §4.
2.
Interferometric Measurements of HIP 560 and HIP 21547
We observed at the CHARA Array located on Mt. Wilson, CA, on the nights of UT 11, 12, and 13 Sept. 2010. Our observing assignment was made through an allotment made available competitively to the astronomical community by CHARA and administered by the National Optical Astronomical Observatory through its observing time application process. The array consists of six 1-m telescopes in a Y-configuration on baselines from 34 to 331 m (ten Brummelaar et al. 2005) . We used the CLASSIC beam combiner operating in the H and K ′ bands to observe with the two telescopes on the 314 m E1-W1 baseline.
At the CHARA Array these bands are centered at 1.673 and 2.133 µm wavelengths, with bandwidths, 0.285 and 0.349 µm respectively. 
We scaled the observed calibrator visibilities to those of a point-like star. We then calibrated the target visibilities by ratioing them to the scaled calibrator visibilities. for the visibility of a limb-darkened star can be written
where V U D is the visibility of a uniform stellar disk,
, in which J 1 is the Bessel function of order 1, and x = πφB λ with φ the star's angular diameter, B the projected baseline during the scan, and λ the wavelength of observation. We used values of the limb darkening parameter, u λ , derived by Claret et al (1995) appropriate to stars that have effective temperatures of 1.5 to 1.7 M ⊙ stars 10 to 20 MY old, u λ = 0.24 and 0.20, at H and K respectively. We included a ±10% uncertainty in the values of u λ in the calculation of the uncertainties of the measured stellar diameters.
We fit each calibrated visibility to a limb-darkened diameter, averaged the individual values, and present the results, φ Diam (mas), for HIP 560 and 21547 in Table 3 . The uncertainties are standard deviations of the mean. The uncertainties are dominated by the scatter of the individual visibility measurements. Table 3 If we did not have angular diameter measurement of HIP 560 and 21547, the only way to estimate their age and mass would be by their positions on an HRD relative theoretical isochrones. Figure 4 shows such an analysis, here on an HRD plotted as
It is seen that both the SDF and Y2 tracks indicate ages at least 5 MY older, and masses ∼ 0.2 M ⊙ smaller than those indicated by the ΦCD (the columns designated HRD SDF and HRD Y 2 in Table 4 ).
The observational inputs, angular diameters, distances, and photometry, and hence the stellar radii, luminosities, and effective temperatures give essentially the same ages and masses whether the SDF or Y2 models are used. The results are however consistently discrepant when interpreted on the ΦCD or the HRD. This suggests that the source of the discrepancy lies in the application of theoretical calculations of non-rotating stars to stars that rotate with high angular velocities.
The Effects of Stellar Rotation
The rotation of stars less massive than ∼ 2 M ⊙ slows over their lifetimes because stellar winds powered by the convective outer layers carry away their angular momentum.
The convective zone in main-sequence F spectral type stars disappears toward the earlier F spectral type sub-classes and energy transport becomes entirely radiative. This explains the rapid decrease of vsin i from F0V to F9V (e.g. Abt and Hunter 1962; Kraft 1967) . The observation and theoretical analysis of stellar rotation have a rich history (e.g. Tassoul 2000) and its effects are revealed beautifully now that stars can be imaged interferometrically The effective surface gravity, g ef f in a rotating star decreases from the pole to the equator. This produces oblateness and a brightness variation with latitude known as gravity darkening. The oblateness of a rotating star in radiative equilibrium is given by
where R e and R p are the equatorial and polar radii, ω is the angular velocity, and ρ m is the mean density (von Zeipel 1924; Chandrasekhar 1933) . Inserting numerical values,
where R p is the polar radius of the star, and M * and V eq are its mass and equatorial velocity. Sackmann (1970) showed that the decrease of R p from its non-rotating value is only a few percent even when the star is rotating nearly at break-up. At break-up, R eq = 3/2R p , o = 0.33 and V 2 eq,bk = 2GM * /3R p (eg Collins, 1963) . It is safe to apply these results to HIP 560 and 21547 because Demarque and Roeder (1967) showed that the outer convective layers disappear at F early spectral type.
To make numerical estimates of the expected oblateness for HIP 560 and 21547, we use values from SDF for the radius and mass of an early F spectral type star at age 13MY, R * = 1.7R ⊙ , M * = 1.7M ⊙ . We use these values because, in principle, our measured values could be affected by oblateness. We also use the vsin i values, 171 and 95 km/s, measured for HIP 560 and 21547, respectively (Table 1) . Since the inclinations are not known we cannot calculate the equatorial velocities. We can, however, estimate them by calculating the expectation values vsin i . The upper bound on the inclination is i = π/2. If the lower bound on i were 0, vsin i = V eq π/4. Here, however, a lower bound, i crit , is set by the value at which vsin i crit would imply rotation at the breakup velocity. For the adopted radius and mass, V eq,bk = 357 km/s. Hence, sin i crit = (observed v sini)/357 and i crit = 8.6 is ∼ 2% (Table 3) . For HIP 560, in the unlikely case that a ∼ 10% oblateness accounts for the measured value of its angular diameter, a 10% smaller value of Φ would still place it between the 10 and 20 MY isochrones. We conclude that stellar oblateness probably does not enter into the interpretation of our results 5 .
In a rotating star in radiative equilibrium, the radiative flux at a point on the photosphere is proportional to g ef f (von Zeipel 1924). Since g ef f decreases from the pole to the equator, the corresponding decrease in radiative flux can be characterized as a decrease in the local effective temperature and is called gravity darkening. In the A spectral type stars that have been imaged (Peterson et al. 2006a,b; Monnier et al. 2007; Zhao et al. 2009 ), the temperature difference is large, ∼ 2000K. Thus, relative to a non-rotating star, a rotating star seen pole-on (i = 0) will appear brighter and its photometric color will be hotter than one seen equator-on (i = π/2). Observed values for a given star depend, of course, on its inclination. Maeder and Peytremann (1970) have calculated the photometric effects for stars of mass 1.4, 2, and 5 M ⊙ at various values of V eq and i. Typically the values of M V vary by a few tenths mag and of (B − V ) by a few hundreths. Details depend on the stellar mass and inclination; Maeder and Peytremann's calculations show that for i 54
• the rotating star appears less bright and redder than a non-rotating star.
The effects of gravity darkening suggest that the discrepancies summarized in Table   4 The most pressing task is to determine whether the 13 MY age applies to the BPMG as a whole. Although most BPMG are in the southern hemisphere, at least 3 other F and G spectral type stars are bright and near enough for measurement with the CHARA array.
Stars of later spectral type are too faint for observation at the present time unless, by good luck, they are close to the sun. Many more of the BPMG members will be observable when the planned sensitivity improvements at the CHARA array are realized.
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